INTRODUCTION
We have recently reported the detection of spontaneous and chemically induced fiat variants derived from S+L -cells which resembled normal 3T3 cells and from which murine sarcoma virus (MSV) could no longer be rescued (Fischinger et al. I972; Nomura et al. I972, I973b ) . The present study was undertaken to determine whether Kirsten murine sarcoma virus (Ki-MSV)-transformed non-producer BALB/3T 3 (Ki-BALB) cells (Aaronson & Weaver, I97~) also undergo spontaneous or chemical-induced reversion. A previous report (Stephenson, Scolnick & Aaronson, 1972) indicated that detection of flat variants from Ki-BALB cells was a rare event (~< io-~). When such cells were examined they contained Ki-MSV in a readily rescuable form indicating that reversion was only morphologic. An inhibitor of DNA synthesis and a potential mutagen, 5-fluorodeoxyuridine (FUDR) and MuLV infection, N-tropic MuLV (strain BALB/c-S2N) and B-tropic MuLV (strain BALB/cSzB) were used (Hartley, Rowe & Huebner, I97o) .
The source of defective MSV was the Ki-MSV which had been rescued from Ki-BALB cells by superinfection with IC virus. It was designated Ki-MSV(IC), and contained approx. IO 5"1 focus-forming units (f.f.u.)/ml when assayed in 3T3FL cells in the absence and in the presence of helper leukaemia virus. The virus stock was filtered through o'45 #m filter prior to use.
Virus assays. Ki-MSV was routinely titrated by a modified focus-forming assay (Hartley & Rowe, I966; O'Connor, I968) in 3T3FL, BALB/3T3, NRK and SC I cells. Optimal helper leukaemia virus (2 × Io 4 f.i.u./plate) was added to 3T3FL and SC I cells.
MuLV was assayed by XC-plaque assay (Rowe et al. ~97o) . Prior to infection, all cultures were treated with 25 #g/ml of DEAE-dextran (diethylaminoethyl dextran, Pharmacia, Uppsala, Sweden; mol. wt., 2 × Io 6) for 3o to 6o min at 37 °C and washed once with medium.
Rescue of MSV. Plates seeded with z. 5 × io 5 cells were infected with IC virus at an input multiplicity of > 2, and culture fluids were tested for the presence of MSV on 3T3FL, NRK and SC I cells 4 days after infection.
Virus induction. For MSV induction, cells (3"5 x ioS/plate) were treated with medium containing go #g/ml of 5-IUDR (Calbiochem) for 3o h (Lowy et al. I97 I) . At the end of the treatment, cultures were washed twice with medium; half of the cultures were refed with fresh medium, and the remaining cultures were co-cultivated with 3"5 × Io 5 SC I cells and infected with IC virus at an input multiplicity of > 2 simultaneously. After 4 days' incubation of the former, and after 4, 7 and I4 days' incubation of the latter, culture fluids were assayed for the presence of MSV on 3T3FL, NRK and SC I cells.
For detecting MuLV induction, modification of the XC-plaque assay employed by Lowy et al. (I97I) was used. Cells were exposed to 20 #g/ml of IUDR for 48 h, then washed twice with medium; Io 5 SC I cells suspended in fresh medium were added. One week later, cultures were exposed to u.v. light at the rate of 6o ergs/mm2/s for 3o s and then Io G XC cells were added. After 7z h incubation, cultures were fixed, stained with Giemsa stain and examined for plaque formation.
Tumourigenicity. Cells for inoculation were trypsinized, washed twice and resuspended with phosphate-buffered saline (pH 7"2). Syngeneic BALB/c newborn mice were injected subcutaneously in the interscapular region with o'o5 ml of cell suspension per animal.
Tests for MuLV group-specific (gs) antigen(s), reverse transcriptase activity, concanavalin A agglutinability, and chromosome counts were carried out as previously described (Nomura et al. I972, I973b) .
Nomenclature. Revertants (R) were obtained from Ki-BALB cells either spontaneously (S) or after FUDR (F) or colcemid (C) treatment. The preceding subscript 'K' describes the Ki-MSV genome which was previously rescuable from parental Ki-BALB cells by MuLV infection. The nomenclature of the sublines describes their lineage, giving the number of cloning and ancestry as recently described (Fischinger et al. I974) . For example, K sR-m represents clone I of the third cloning of spontaneous flat variant from Ki-MSV-transformed cells, being derived from K s~-11, which in turn was derived from clone K s~-~.
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RESULTS

Isolation of flat variant cell lines from Ki-BALB cells and effect of FUDR and colcemid on reversion frequency
The Ki-BALB cells consisted of round, refractile, and spindle-shaped cells, and they detached readily from the surface of the container. Individual colonies derived from Ki-BALB cells were generally stable in morphology and contained an MSV genome rescuable by MuLV.
Studies were carried out to determine whether spontaneous or chemically induced morphological revertants could be detected in cultures of Ki-BALB and its cloned subline Ki-BALB-23. Spontaneous flat revertant colonies were found in I of 3oo Ki-BALB and 4 of I692 Ki-BALB-23 colonies.
After exposure to FUDR at a dose of IO/zg/ml for I h at 37 °C or to colcemid at a dose of 0"04/~g/ml for 24 h at 37 °C, no significant increase in reversion frequencies was observed: after FUDR treatment, 4 out of 2ooo colonies of Ki-BALB-23 were morphologically flat, and following exposure to colcemid, I out of 625 colonies of Ki-BALB and I out of 200 colonies of Ki-BALB-23 were found to be morphologically flat. The results are summarized in Table I , and representative clonal sublines are also indicated in Table I . Cloning efficiency of untreated Ki-BALB-23 cells was about 5o %; after colcemid treatment the efficiency was reduced to about Io %. However, treatment with FUDR under these conditions had no effect on cloning of Ki-BALB-23 cells.
Morphology and growth characteristics of flat variant cells
All flat variants were epithelioid and contact-inhibited after cultures became confluent. As seen in Table 2 , the saturation density of fiat variants was 6.0 to 9"7 x io 4 cells/cm ~, with one exception in K sR-m, the saturation density of which was 16"7 x I o 4 cells/cm 2, which was similar to that of BALB/3T3 cells 03"o x io 4 cells/cm2). The saturation density of the parental Ki-BALB-23 cells was 56"o x IO cells/cm 2.
The cloning efficiency of fiat variants was compared to Ki-BALB-23 and BALB/3T3 cells both in liquid medium and in soft agar. When flat variants were grown in microtitre wells in liquid medium, the cloning efficiencies varied from IO.O to 55"o %, comparable to that of BALB/3T3 and Ki-BALB-23 cells (32"5 and 45"5 %, respectively). The ability of flat variants to form colonies in soft agar varied widely. Five of xo fiat variants demonstrated IO'9 to 22"9 % cloning efficiencies in soft agar, only slightly reduced from that of the parental There was no correlation of cloning efficiency, in either liquid medium or in soft agar with the derivation of flat variants either spontaneously or after chemical treatment.
Tests for the presence of MuL V gs antigen(s), virus and reverse transcriptase activity
Extracts of BALBJ3T3, Ki-BALB and flat variant cells 007 cells/ml) demonstrated no MuLV gs antigen(s) by complement fixation and no infectious MSV or MuLV was detected when tested on various mouse or rat cells. There was no detectable reverse transcriptase activity in the supernatant fluid from these cell cultures (Table 3) .
Agglutinability of flat variant cells by concanavalin A
The tests of the agglutinability of these variants by concanavalin A (con A) demonstrated that 75 to ioo ~o of the cells were agglutinated by Ioo #g/ml of con A within 30 min at room temperature which was comparable to the parental Ki-BALB cells (Table 3) . BALB/3T3 cells showed no agglutinability under the same conditions, but trypsin treatment resulted in agglutination of BALB/3T3 cells by con A as reported by Inbar, Rabinowitz & Sachs (I969) .
Rescue of the MS V genome
Because previous isolates of Ki-BALB cell derived flat variants contained rescuable Ki-MSV (Stephenson et al. I972) , the present flat variants were infected with M-MuLV-IC to determine whether they contained a complete and rescuable MSV genome (Table 3) . None of the flat variants produced infectious MSV in 3T3FL, NRK and SC I ceils, whereas, about Io 5 f.f.u./ml of MSV by 3T3FL cell assay was rescued from Ki-BALB-23 cells under the same experimental conditions. Subsequent infections of initially MSV rescue-negative flat variants with MuLV were carried out three times over a one year period without any evidence of MSV rescue.
Virus induction by IUDR treatment
Five days after IUDR treatment, culture fluids were harvested and tested for the presence of reverse transcriptase activity and infectious MSV. On the sixth day after treatment cellular extracts were made from the flat variants to test for MuLV gs antigen(s) ( Table 3) . After IUDR treatment, reverse transcriptase activity in supernatant fluids from BALB/3T3 and Ki-BALB-23 cultures increased Io-fold, and MuLV gs antigen(s) appeared as determined complement-fixation of cell extracts at dilution 1:2 in BALB/3T3 and 1:2 to 1:4 in Ki-BALB-23 cultures. Furthermore, about IO 2 to ~o 3 f.f.u./ml of MSV were detected in either NRK or SC I cells after IUDR induction of Ki-BALB-23 cells. In contrast, none of the samples from flat variants demonstrated MuLV gs antigen(s), infectious MSV, or an increase in reverse transcriptase activity under the same conditions. Co-cultivation of IUDRtreated flat variant cells with SC I cells together with a simultaneous infection by MuLV did not rescue MSV.
Because one type of endogenous mouse tropic MuLV induced from BABL/3T 3 cells replicates very poorly in the cells from which it is activated (Stephenson & Aaronson, 1972) , IUDR treated cultures were co-cultivated with SC I ceils to determine whether the endogenous MuLV had been induced from these cells. Infectious MuLV was inducible from BALB/3T 3, Ki-BALB-23 and all flat variant cells 9 days after IUDR treatment including 7 days' co-cultivation with SC ~ cells (Table 3) . Plaques produced in the in situ XC-plaque assays were poor and very small, and the number of plaques varied widely from a few to hundreds in repeated experiments.
As described above BALB/3T3 cells were not agglutinated by ioo #g/ml of con A before IUDR treatment, but they became agglutinable 5 days after exposure to IUDR. BALB/c-SzB, § BALB/c-S2N. l{ Not applicable.
Tumourigenicity for flat variant cells
This property was measured by the ability to form progressively growing tumours after a subcutaneous inoculation of increasing numbers of cells into syngeneic BALB/c newborn mice. As seen in Table 4 , BALB/3T3 cells produced no tumours with as many as IO 7 cells. The Ki-BALB-23 cells produced tumours in all inoculated animals within 8 days with Io n cells, and in 2 weeks with Io 5 cells and in 8 out of Io animals in 2 to 3 weeks with as few as Io 4 cells. None of these tumours regressed; they grew progressively, were invasive, and eventually killed the animals. In contrast, there was a striking lack of tumour-forming ability of flat variants. They were at least Ioo-fold less malignant than the parental Ki-BALB-z3 cells. Furthermore, BALB/3T3, K s~-315, K Fg-5121 and K rR-~I cells were infected 
Susceptibility of flat variant cells to reinfection by MSV and MuLV
Infection of flat variants with homologous Ki-MSV produced foci. Titration of defective Ki-MSV on DEAE-dextran pre-treated flat variant cells in the absence of helper leukaemia virus demonstrated' one-hit' kinetics which was also observed in BALB/3T3 cells. Maximum MSV focus formation was obtained Io to I4 days after infection. The degree of sensitivity differed among variant clones (Table 5) : 5 sublines produced as many or more (threefold) foci than BALB/3T3 cells, but 4 sublines demonstrated a decrease in susceptibility to about 2o to 3o % and z subline to Io % of that found in BALB/3T3 cells.
MuLV replicated in flat variants without either detectable morphological changes or rescue of infectious MSV. The susceptibility of BALB/3T3, Ki-BALB-23 and its flat variant cells to 'B-tropic' MuLV as determined by XC-plaque assay is presented in Table 5 -The susceptibility of Ki-BALB-23 cells was reduced to about IO % of that of BALB/3T3 cells. The susceptibility of flat variants to the same MuLV was as high as that of Ki-BALB-23 in two variants, decreased to Io % in seven variants and 1% in one variant. The fiat variants were all B-type cells as were BALB/3T3 and Ki-BALB-23 cells: in B-type cells 'B-tropic' virus initiates infection more efficiently than does 'N-tropic' virus (Table 5 , Hartley et al.
I97o).
Reversion in Ki-BALB cells
2I 5
Chromosome changes in fiat variant cells
The established cell line BALB/3T3 had a modal number (M.N.) of 66 to 67 chromosomes, and Ki-BALB-23 had a M.N. of 76 to 77 chromosomes per cell. With the exception of K c~-611, the chromosome numbers of flat variants were found to be decreased to about the same number as that of BALB/3T3 cells, but with a greater spread. In K c~-611 culture, the chromosome number increased significantly with considerable scatter: 75 ~o of cells had chromosome number between 60 to 90 per cell. In BALB/3T3 cells, almost all cells contained only acrocentric chromosomes and virtually no metacentric chromsomes. However, in Ki-BALB-23 cells, in addition to an increase in chromosome number, I to 2 metacentric chromosomes appeared in each cell. The metacentric chromosomes were also observed in all flat variants in which the chromosome number decreased following reversion. Representative experiments are shown in Fig. I . (Aaronson & Weaver, I97I) , and Ki-MSV and MuLV could be induced by exposure of ceils to IUDR (Aaronson, I97t) .
In contrast, in the revertants described here, MSV could be neither rescued from these cells upon superinfection with MuLV nor induced by IUDR treatment. The malignant potential was undetectable in all revertants. Cloning efficiency in soft agar varied greatly among revertants, and all revertants in this study demonstrated agglutinability with con A, as did parental Ki-BALB cells. These results indicate an association between cell contact inhibition and loss of tumourigenicity as reported among sublines of BHK-21 hamster cells isolated after chemical treatment (Pollack & Teebor, ~ 969) , in reversion of cells transformed by Rous sarcoma virus and MSV (Macpherson, I965; Stephenson, Reynolds & Aaronson, I973; Greenberger & Aaronson, I974) , and by DNA turnout viruses such as polyoma and SV 4o (Pollack, Green & Todaro, ~968; Rabinowitz & Sachs, I968 ; Marin & Macpherson, I969) . On the other hand there was a dissociation among other in vitro properties of reversion, such as cloning efficiency in soft agar and con A agglutinability, and tumourigenicity (Rabinowitz & Sachs, I969) . These markers offer an opportunity to study, at the cellular level, those morphological features associated with the acquisition of cellular capacity to cause tumours.
In addition to the loss of rescuable and inducible Ki-MSV genome from revertants, the demonstration of induction of MuLV infectious for mouse cells from these cells by chemical means was of interest. The lack of inducibility of MuLV gs antigen(s) and reverse transcriptuse activity in revertants 5 days after IUDR treatment, despite infectious MuLV being detected in 9 days by co-cultivation with SC I cells for 7 days (Table 3) All flat variants were susceptible to MSV and MuLV reinfection. Some degree of enhancement of susceptibility to MSV but not to MuLV was demonstrated in some clones. The data also revealed that an insertion of a rescuable Ki-MSV genome into BALB/3T3 cells, or exclusion of this genome from Ki-BALB cells did not change the susceptibility of cells to N-and B-tropic strains of MuLV infection; they remained B-type cells.
The flat variants derived from Ki-BALB cells seem to be true revertants in the same sense as the flat cells derived from S+L -cells transformed with the Moloney MSV (M-MSV), because both cells have properties of normal cells and neither contains a rescuable or inducible MSV. Several salient differences have been noted between Ki-BALB revertants and S+L -revertants (Fischinger et al. 1972; Nomura et al. I972, I973b) . The most prominent differences are that (I) chemicals which significantly increase reversion frequency from S+L -cells have no effect on Ki-BALB cells; (2) no spontaneous back-transformation, which was common in S+L -revertants, was ever observed in Ki-BALB revertants; (3) susceptibility of Ki-BALB revertants to Ki-MSV was variable whereas in spontaneous S+L -revertants susceptibility to homologous M-MSV was uniformly increased; (4) transformation of 3T3FL cells by M-MSV resulted in a decrease in chromosome number and (5) that spontaneous reversion was accompanied by an increase in chromosome number. In contrast, the chromosome number in Ki-BALB cells was higher than that in BALB[3T3 cells, and in flat variants, it decreased to a level similar to that of non-transformed BALB/3T3 cells. The presence of metacentric chromosomes, not seen in BALB/3T3 cells, but observed in Ki-BALB cells as well as the revertants, suggests complex rearrangement of chromosomes following reversion in addition to alteration in the chromosome number (Rabinowitz & Sachs, I97o; Hitotsumachi, Rabinowitz & Sachs, I97I) . Some other features uniquely present in each system can be attributed to either the cell or the nature of the transforming virus genome. Of these, the presence of MuLV gs-I antigen in some S+L -revertants could represent the informational capacity of residual M-MSV, which can be expressed as the gs-I antigen in both homologous and heterologous host cells (Peebles et al. r973 ). In contrast, ready induction of mouse tropic MuLV from Ki-BALB cell-derived revertants and a failure of induction of MuLV from outbred Swiss mouse cell-derived S+L -cell revertants seem to correspond to the patterns of endogenous MuLV induction from normal BALB/c and Swiss mouse cells.
The possibility of contamination of original transformed cells with untransformed cells in these experiments seems remote for the following reasons: Ki-BALB and Ki-BALB-z3 cells had been previously cloned at least two and four times, respectively, and in the case of the Ki-BALB-23, experiments were carried out at early passage levels (3 to I o). Revertants displayed the properties of agglutinability by con A, metacentric chromosomes, and the increase of cloning efficiency in soft agar. Because these features were observed in Ki-BALB cells but not in BALB/3T 3 cells, the likelihood that the revertants were really derived from Ki-BALB cells is substantiated.
Reversion from transformed state could result either from some change in the virus genome or some change in the cell genome. It would appear from the present studies that the revertants from Ki-BALB cells display properties which are compatible with a loss of some, if not all, of the MSV genome. However, we cannot exclude the possibility of a mutation in cellular genes responsible for expression of transformation. Further analysis of the underlying biochemical mechanism of reversion could shed new light on the mechanism of transformation and of tumourigenicity.
